To critically review and integrate, from a developmental perspective, recent magnetic resonance imaging (MRI) studies of 4 childhood psychiatric disorders: schizophrenia, bipolar disorder (BD), attention-deficit hyperactivity disorder (ADHD), and major depressive disorder (MDD).
T raditionally, structural neuroimaging in child psychiatry has been reserved to detect space-occupying lesions in the evaluation of mental status disturbance in children with a history of head trauma or abnormal neurologic examination. Because many childhood psychiatric illnesses are now thought to be neurodevelopmental in origin, interest in applying neuroimaging in child psychiatry has been growing. 1 Over the past 5 years, there has been increasing use of various MRI modalities to directly examine macroscopic structure, water diffusion, tissue metabolism, and neuronal function in brain regions hypothesized to be involved in the pathophysiology of childhood psychiatric disorders. Because MRI does not involve dangerous ionizing radiation exposure, longitudinal study of neurodevelopment in children is permissible, which controls for cohort effects and large interindividual variance in brain structure. Most childhood-onset illnesses differ from their adult-onset counterparts in terms of phenomenology, familial risk, comorbidities, and natural history. Thus the assumption that children and adults with the same psychiatric illness have a similar neurobiology may not be valid. This selective review focuses on the most reliable neuroimaging findings that have emerged over the past 5 years in 4 psychiatric disorders in children: early-onset schizophrenia, BD, MDD, and ADHD. This review is not intended as an exhaus-tive review of the literature but, rather, provides a clinical overview of the application of MRI to the study of childhood psychiatric disorders.
Healthy Children

Normative Development
Studies of normal brain development in healthy children and adolescents are important to provide a baseline against which abnormal development can be evaluated. Also, sex and timing-specific aspects of neurodevelopment may provide important clues to understanding the neural substrate and triggers of psychopathology. 2 By linking neuroanatomical development to cognitive and behavioural changes in children, we may learn more about the functional organization of the brain, its development, and its derailment in childhood psychiatric disorders. 2 To date, pediatric normative studies have revealed 3 major developmental trends.
Structural MRI
Although total brain volume becomes stable early in childhood, longitudinal sMRI studies of healthy children have revealed a dynamic interplay of simultaneously occurring progressive and regressive events, with different brain regions following different time courses of cortical grey matter development. 3, 4 These studies have found that phylogenetically older brain areas mature earlier than the newer cortical regions and that higher-order association cortices, involved in more complex and integrative tasks, mature only after lower-order somatosensory and visual cortices-regions associated with more primary functions-have matured. 3, 4 Gogtay and colleagues 3 studied a longitudinally acquired preand postpubertal sample in which the same children were prospectively rescanned over a 10-year period spanning development from age 4 to 21 years. Maturational processes, as reflected by loss of cortical grey matter density, appeared to have started by age 4 years in some of the phylogenetically oldest cortical regions (such as the olfactory cortex), which lie on the inferior brain surface in the medial aspect of the frontal lobe, and slowly progressed laterally to include the orbital frontal cortex and the most recently evolved high-order association areas (the inferior temporal cortex, parts of the superior temporal gyrus, the posterior parietal cortex, and the PFC). 3 In the frontal lobe, maturation progressed in a back-to-front direction, beginning in the primary motor cortex and spreading anteriorly over the superior and inferior frontal gyri, with areas of the brain involved in higher cognitive functions and emotional regulation (the DLPFC) developing last. 3 Similarly, in the posterior one-half of the brain, the occipital pole matured early and the lateral temporal lobes (the posterior part of the superior temporal gyrus) were the last to mature. In humans, integration of memory, audiovisual association, and object-recognition functions are thought to be subserved by a heteromodal association circuit that includes these portions of the temporal cortex along with prefrontal and inferior parietal cortices.
Potential causes for the observed developmental reduction of cortical grey matter density in healthy children include synaptic pruning, glial and vascular changes, cell shrinkage, and (or) myelin proliferation into the cortical neuropil. 3 There has been great interest in understanding whether maturational changes in brain anatomy are actually linked to cognitive development and not merely coincidental. It has now been demonstrated that the pattern of cortical maturation varies as a function of IQ in healthy children. 2, 5 Specifically, children with superior intelligence had a more prolonged phase of prefrontal gain in cortical thickness, thereby indicating an even more extended critical period for the development of high-level cognitive cortical circuits.
In a longitudinal study of preadolescent children aged between 5 and 11 years, who were scanned at 2-year intervals, Sowell and colleagues 4 tracked changes in cortical grey matter longitudinally and found a similar pattern of regional increases and decreases in cortical grey matter volume. Grey matter thickness increases were restricted to classic language regions (frontal and temporal perisylvian grey matter), and a similar pattern of progressive thinning of the right dorsolateral frontal, bilateral occipitoparietal, and anterior and posterior-inferior temporal cortices was reported. 4 In this study, cortical thinning in the left dorsal frontal and parietal lobes was correlated with improved performance on a test of language ability.
Diffusion Tensor Imaging
With regard to psychiatric disorders, there is increasing recognition of the importance of neural connectivity for smooth communication between the cortico-cortical and corticosubcortical regions. 6 DTI is an evolving technique based on measuring the diffusion of water molecules in the brain; it allows in vivo tracking of white matter fibre development. As shown in Figure 1 , DTI is based on the detection of a different kind of signal from that detected by sMRI.
DTI reflects microscopic cellular organization and water mobility and provides information regarding the structural organization (that is, spatial organization and axonal diameter) and myelination of fibre pathways more directly than sMRI. To characterize the degree to which water mobility is directionally hindered in the brain, which provides some assessment of the fibre tract organization and coherence in brain white matter fibres, scalar measures such as FA have been used in DTI studies. With sMRI and DTI, a second developmental trend that has emerged is the structural maturation of fibre tracts in the human brain during childhood and 
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The SLF is further subdivided into 3 major segments The frontoparietal (green), parietotemporal (yellow), and long fibres of arcuate fasciculus (red). Specific segments of the SLF were reconstructed with the DTI Studio and 2 ROI methodology.
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Regions in which FA was significantly greater in healthy control subjects than in patients (letters are referenced in Table 1 ) adolescence. These maturational processes have been reflected by age-related increases in white matter density 6 and FA, 7, 8 as shown by sMRI and DTI, respectively. In a cross-sectional analysis of 24 healthy male subjects aged between 10 and 20 years, age-related increases in FA were observed in several brain regions-specifically, in the left arcuate fasciculus-SLF, bilateral posterior internal capsulethalamic radiation, bilateral prefrontal gyrus, right superior temporal gyrus, and posterior corpus callosum ( Figure 2 ). 8 Increased FA and lambda parallel of several clusters along the arcuate fasciculus-SLF was found to be significantly correlated with a test of language and semantic memory. 8 These data suggest that the frontostriatal and frontotemporal circuits continue to develop as myelination and fibre tract organization proceed slowly throughout late childhood and adolescence, presumably contributing to the enhancement of neuronal conduction and communication.
From MR tensor images, tractographs of fibre bundles can be constructed to provide information about cortical connectivity, both in individual subjects and from group data. To illustrate this point, Figures 3 and 4 present tractography images of the arcuate fasciculus-SLF where age-related increases in FA in healthy male adolescents were found. 8
Functional MRI
Lastly, fMRI provides a measure of neuronal activity that allows for the visualization of those regions that become more or less activated during specified tasks or stimuli. fMRI relies on the observation that deoxyhemoglobin is paramagnetic; as a result, deoxygenized blood produces a tissue signal differing from that produced by oxygenated blood. fMRI uses the change in MR signal-known as the BOLD signal-that occurs when a task or stimulus leads to a regional change in neuronal activity and, in turn, changes the levels of deoxyhemoglobin. 2 A difference image of the task condition compared with a baseline condition is overlaid onto a high resolution sMRI. 2 This technique can help visualize which brain regions are involved in different kinds of brain activities. It is then possible to assess which brain areas are involved in the expression of a symptom or behaviour. 2 A child's capacity for cognitive control, or the ability to regulate thoughts and actions in the presence of competing ones, develops across the first decade, with younger children being more susceptible to interference during various tasks in this domain. 9 During performance of a cognitive control task, normative developmental fMRI studies have revealed a narrowing of cortical activation from widespread to focal areas during development, likely reflecting a fine-tuning of neural systems. 9 These data reflect the fact that brain regions necessary for task performance show increased activation, whereas less critical brain areas show reduced activation. This shift may also reflect synaptic pruning, such that connections unrelated to the task are eliminated while relevant connections are strengthened. In agreement with this hypothesis, it has been found that DTI parameters shown from animal studies to be sensitive to myelin injury (that is, radial diffusivity) in frontal, but not in posterior, brain regions predicted individual differences in reaction time during performance on a cognitive control task. 1 0 These findings have implications for understanding childhood disorders such as ADHD and schizophrenia, which are characterized by atypical development of cognitive control.
Overall, evidence for spatial and temporal developmental changes in cortical grey matter density, white matter density and microstructure, as well as for cortical activation in healthy children and adolescents, supports a hypothesis that structural and functional brain maturation provides the basis for ongoing cognitive and motor development. These studies offer a framework for understanding how these typical developmental trajectories may be altered in children and adolescents with disorders of behaviour and cognition.
Children With Psychiatric Disorders
What does a change in the volume of a brain region in a given disorder mean from a developmental perspective? Irrespective of clinical diagnosis, this is a key question across all pediatric neuroanatomical studies. Although gross differences in size or symmetry of brain structures can be quantified, individual cells and cell layers cannot yet be visualized with current MRI. 2 As a result, it is possible to identify associations between some childhood psychiatric disorders and brain structures but not to establish the underlying cause(s) of any neuroanatomical differences identified.
Schizophrenia sMRI studies have consistently reported neuroanatomical abnormalities in the brains of adults with schizophrenia, including enlargement of lateral ventricles and smaller volumes of medial temporal lobe structures. Most recently published imaging studies of children and adolescents with schizophrenia have found similar abnormalities but, in addition, provide support for a disease model of abnormal neurodevelopment. Longitudinal sMRI studies from the NIMH have described a dynamic pattern of grey matter volume loss across the lateral surface of the brain, starting in parietal association cortices and proceeding frontally to envelop dorsolateral prefrontal and temporal cortices, including the superior temporal gyri, in a rare group of severely ill, treatment-refractory children with very early-onset schizophrenia (that is, onset of psychotic symptoms by age 12 years). [11] [12] [13] Along the medial hemispheric surface, Vidal et al 13 also found a selective, severe frontal grey matter attrition that occurred bilaterally in a dorsal-to-ventral pattern but that did not extend to the cingulate-limbic areas over a 5-year observation period. Although both healthy adolescents and a psychiatric comparison group of adolescents with psychotic disorder not otherwise specified were found to have a similar pattern of grey matter loss, patients with treatment-refractory very early-onset schizophrenia experienced a far more extensive and rapid decline in cortical grey matter, suggesting that this phenomenon may be a disease-specific marker for schizophrenia. [11] [12] [13] The significance of these findings for adolescents with schizophrenia, however, remains unclear because, in the NIMH cohort, there was no concomitant decrease in intellectual ability observed during the same time period. As well, findings of a progressive loss of cortical grey matter density in the PFC were not replicated in a more representative group of 16 patients with adolescent-onset schizophrenia. The difference in study results may be explained by differences in this latter patient group, who were older (mean age 16.7 years) and had a shorter follow-up period. 14 It has been hypothesized from postmortem data of adults with schizophrenia that structural changes in cortical grey matter in adolescents with schizophrenia could reflect a reduction in neuropil and neuronal size and (or) aberrant cortical myelination that may contribute to the apparent regression of cortical grey matter. 13 The extent to which volumetric differences relate to clinical symptomatology or its severity is an important clinical issue in neurobiological studies of pediatric patients. Surprisingly, a faster rate of grey matter decline in adolescents with very early-onset schizophrenia was associated with greater clinical improvement on measures of psychopathology, including negative symptoms, 12 and in a separate study, higher grey matter volume at follow-up was associated with worse positive symptoms 13 at follow-up. These findings are difficult to understand and require replication with larger samples of adolescents to disentangle the effects of development, antipsychotic medications, and the disease process in schizophrenia on the brain.
Recent attempts to examine neurodevelopmental hypotheses of schizophrenia in adolescents have also focused on disrupted connectivity between brain regions and abnormal development of specific neural circuits, such as the CCTC circuit. The CCTC circuit is thought to be involved in the coordination of processing, prioritization, retrieval, and expression of information. 14 In healthy children, the cerebellar development continues into adolescence. 15 Keller et al 15 reported that cerebellar volume decreased with age in adolescents with very early-onset schizophrenia, whereas cerebellar volume increased with age in healthy control subjects; however, they did not find any significant relation between any symptom pattern or change in any clinical or cognitive measure and cerebellar volume loss. This developmental trajectory for the cerebellum was found to positively correlate with that of the total cerebral volume, which may indicate an abnormal neurodevelopmental process at work in very early-onset schizophrenia. 15 However, progression in cerebellar abnormalities was not found by James et al 14 in a more representative sample of adolescents with schizophrenia. These researchers did find that patients had smaller posterior superior vermal and prefrontal thalamic volumes, as well as larger fourth ventricle volumes, which may suggest disrupted maturation of other nodes in a CCTC circuit. 14 To investigate neurodevelopmental theories of abnormal connectivity in schizophrenia, there has been an increasing examination of white matter development in adolescents with schizophrenia. Taylor et al 16 reported significantly enlarged white matter volume in the right posterior superior temporal gyrus in patients with childhood-onset schizophrenia, which could reflect a disturbance in cortical connectivity and organization during development. Because cortical grey matter in the superior temporal gyrus has been observed to be one of the last regions to mature in healthy adolescents and has been reported to be affected in schizophrenia, 11 it is possible that progressive declines in superior temporal gyrus volume could take place at a later point in development in adolescents with schizophrenia.
In regard to etiology, clinical neuroimaging studies may be most informative when they show how brain development in a given disorder deviates from normal patterns of development as a function of age. 2 A DTI study of 26 patients with early-onset schizophrenia found decreased FA in the left PFC, particularly in the anterior cingulate gyrus region, in patients, compared with healthy control subjects; this decrease in FA was most pronounced in older subjects. 17 As shown in Figure  5 , an updated analysis of 70 children (36 patients with early-onset schizophrenia and 34 healthy control subjects) revealed additional areas of reduced FA in the left hemisphere, including the temporal, parietal, parahippocampal, superior frontal gyrus, and ventral globus pallidus regions (Table 1) .
Because white matter fibre tracts normally mature during adolescence, 6-8 these results suggest a developmental aberration rather than a degenerative effect. There is increasing evidence that variations in genes involved in white matter development, such as oligodendrocyte lineage transcription factor 2, confer susceptibility to schizophrenia alone and as part of a network of genes implicated in oligodendrocyte function. 18 Establishing the neuroanatomical correlates of schizophrenia in adolescents with established illness may have predictive value for those considered to be at risk. In an effort to dissociate early brain structure deficits that predate psychosis onset from neuroanatomical deficits that emerge with illness onset, Pantelis et al 19 obtained sMRI scans from 75 high-risk subjects in late adolescence and early adulthood. In a cross-sectional comparison, subjects who developed psychosis had less grey matter in the right medial temporal, lateral temporal, and inferior frontal cortex and in the cingulate cortex bilaterally, compared with subjects who did not develop psychosis. In a longitudinal comparison, subjects who developed psychosis showed reduced grey matter in the left parahippocampal, fusiform, orbitofrontal, and cerbellar cortices, as well as in the cingulate gyri. In contrast, among subjects who did not develop psychosis, longitudinal changes were restricted to the cerebellum. These data suggest that some of the grey matter abnormalities in adolescents with schizophrenia may predate the onset of psychosis, whereas other structural changes clearly progress after psychosis onset and may serve as a marker of cognitive and clinical decline. 19
Bipolar Disorder
In recent years, there has been increasing focus on neurobiological studies in PBD because individuals in this subgroup may have a more severe form of the illness, higher genetic loading, and fewer factors (such as extensive medication use or substance abuse) to confound the interpretation of studies, compared with their adult counterparts. 20 Imaging studies of children and adolescents with PBD could provide crucial insight into the neurodevelopmental dysfunctions that give rise to the disorder and could also aid in the discovery of differences in the brain (such as endophenotypic markers) that might improve diagnosis and treatment. 20 An emerging theme across neuroimaging studies in PBD has been involvement of the amygdala-striatal-ventral prefrontal frontal cortex circuit in patients. These findings have been most evident in PBD samples applying stringent diagnostic criteria that require a history of elevated, expansive mood (or "classic" mania) rather than irritable mood and that include only subjects judged to be euthymic at the time of scanning and meeting full criteria for PBD. 21 Several sMRI studies have examined grey matter volumes across the entire cerebral cortex and within specific brain regions in PBD. Two such studies found a decrease in total cerebral volume in youths with PBD, compared with healthy control subjects. 20, 22 In contrast, studies of adults with BD have not generally found such differences, 23 which may suggest that an abnormal neurodevelopmental process underlies the expression of BD in children. 20 In terms of regional volumetric differences, compared with healthy subjects, Frazier et al 20 describe regional differences in subjects with PBD involving grey matter deficits in the bilateral parietal lobes, the left temporal lobe, and the right middle frontal gyrus that are similar to those reported in adolescents with schizophrenia. 24 In contrast, using a volumetric ROI technique in a small group of adolescents with BD (n = 10), Wilke et al 25 observed an increase in bilateral central grey matter structures (including the basal ganglia and thalamus) and the left temporal lobe; using voxel-based morphometry in the same sample, Wilke et al 25 observed a decrease in grey matter in the medial temporal lobe, orbitofrontal cortex, and the anterior cingulate. Conflicting observations of the temporal lobes in the Frazier and Wilke et al studies could be the result of difference in the mean ages of the samples, differences in pattern of comorbid psychiatric illness, differences in pubertal development of the subjects included in the study samples, the extreme degree of individual variability in brain structure in children and adolescents, the parcellation method used to quantify tissue volumes by Frazier et al, 24 or a medication effect, since treatment with lithium has been associated with changes in brain structure. 26 In addition to having structural abnormalities involving cortical grey matter, children and adolescents with PBD have been found to have structural abnormalities in limbic structures, although here, too, the results are mixed. In children with PBD, compared with healthy control subjects, the most consistent findings to date have been decreased volume of the amygdala, 21, 22 hippocampus, 20 and nucleus accumbens, 21 with some inconsistencies. 20, 21 It has been suggested that volumetric abnormalities in limbic regions and the PFC in PBD could reflect dysfunctional neurodevelopment, synaptic pruning, and (or) neuronal growth and could confer a propensity to dysregulated mood states as well as vulnerability to developing a mood disorder. 20, 22 Outcome differences in these studies may be due to variability in subject demographics such as age and sex, medication exposure, mood status at time of scan, imaging protocol, sample size, and hormonal effects.
With this in mind, several researchers have used fMRI techniques to examine activations in limbic and frontostriatal regions in children and adolescents with PBD during performance of various tasks. Hyperactivation of the left putamen has consistently been observed in PBD patients, compared with healthy subjects, 1, 27, 28 during memory and emotional tasks. Additionally, PBD patients have been found to have increased activation in the left amygdala and bilateral accumbens, 1 the left thalamus, 27, 28 and the orbitofrontal cortex and DLPFC. 28 Abnormalities in these brain regions may underlie the affective dysregulation observed in children with PBD 26 and may extend to children with other severe emotional disturbances such as ADHD, obsessive-compulsive disorder, anxiety, and depression, which are frequently comorbid with PBD. It is possible that PBD cannot be distinguished from these other disorders until age-related maturation of frontostriatal networks results in significant behavioural contrast between these groups. 1, 27 Several studies have now reported abnormalities in the DLPFC in PBD, 21, 28 which is of interest from a developmental perspective because this is one of the last brain regions to mature in healthy children and because executive function may have an important influence on emotional regulation. Dickstein et al 21 observed significantly lower grey matter volumes in the left DLPFC, consistent with adult studies of BD.
A study using proton MRS found significantly lower levels of N-acetylaspartate, a marker of neuronal integrity, in the left DLPFC in PBD, suggestive of neuronal dysfunction or decreased neuronal density, which is also consistent with adult studies. 29 In addition, Adler et al 30 found significantly decreased FA in prefrontal white matter. These data are consistent with the hypothesis that white matter pathology may play a role in abnormal emotion-attention interactions in PBD that are associated with negative attributions to neutral faces and increased activation in the amygdala and ventral striatum. 1 Together, these neuroimaging data point to abnormalities in PBD in the interactions between the DLPFC and regions such as the amygdala that are involved in the generation of negative emotional states, which may contribute to the problems with emotion regulation seen in the disorder. 1
Attention-Deficit Hyperactivity Disorder
ADHD frequently persists into adolescence and may be a risk factor and precursor for more serious childhood psychiatric disorders such as BD and schizophrenia. Overall, both sMRI and fMRI studies have implicated abnormalities in the development of the PFC, basal ganglia, and cerebellum in children with ADHD. 31, 32 These abnormalities are thought to underlie dysfunction in attention, inhibition, and executive control that are clinically observed in these patients.
In longitudinal sMRI studies, children with ADHD were observed at baseline to have smaller total cerebral volumes, most significantly in the cerebellum, 33 and greater cortical thinning, particularly in the medial and superior prefrontal and precentral regions, 34 relative to healthy, age-matched control subjects. At follow-up, Castellanos et al 33 found that growth curves of total cerebral volume and cerebellar volume (but not the caudate nucleus) were lower but parallel for ADHD patients, compared with control subjects, suggesting that a fixed neurobiological abnormality in ADHD may occur early and that brain development later in childhood and adolescence appears unaffected. Likewise, Shaw et al 34 reported that the developmental trajectories for cortical thickness in patients with ADHD were parallel to those of healthy control subjects but on a lower track. In addition, patients with good clinical outcomes in this study showed a normalization of right parietal cortical thickness at follow-up, which could reflect ongoing maturation of attentional networks during adolescence. 34 In keeping with a theory of an early neurobiological insult triggering ADHD, Durston et al 35 combined genotyping with anatomical MRI to examine which genes might put individuals at risk for developing abnormalities of brain volume associated with ADHD. In ADHD patients, homozygosity for the 10R allele of the dopamine transporter gene was associated with decreased caudate volume, whereas in the unaffected siblings of patients, homozygosity of the 4R allele of the dopamine D 5 receptor genotype was associated with decreased prefrontal grey matter. Durston et al 35 hypothesize that a combination of these at-risk genotypes, environmental factors, and other variables may contribute to these abnormalities in brain tissue volume and, in turn, to the development of ADHD.
In addition to grey matter abnormalities that have been reported in the cortex and basal ganglia in children with ADHD, Plesson and colleagues 36 observed a reduction in total orbitofrontal cortex volume and amygdala volume and enlargement of the hippocampus. 36 Interestingly, larger hippocampal size was associated with a decrease in ADHD symptom severity, which could reflect a compensatory neuronal hypertrophy. These volumetric abnormalities could also demonstrate defective connectivity between prefrontal regions and the hippocampus and amygdala that may be involved in the pathogenesis of the emotional disturbances observed in ADHD. 36 These data are somewhat reminiscent of the volumetric abnormalities reported in PBD. [20] [21] [22] DTI has also been applied to the study of ADHD. Ashtari et al 37 reported decreased FA in the right supplementary motor area, right anterior limb of the internal capsule, right cerebral peduncle, left middle-cerebellar peduncle, and left cerebellum in children with ADHD, compared with healthy subjects. This study implicates early white matter pathology in ADHD and adds to the already large body of evidence supporting abnormalities in the frontostriatal regions and the cerebellum in ADHD.
Frontostriatal abnormalities have also been observed in several fMRI studies of children and adolescents with ADHD. During tests of cognitive and inhibitory control and tests of attention, patients with ADHD have repeatedly shown decreased activation of prefrontal regions and the anterior cingulate cortex when compared with healthy control subjects. [38] [39] [40] [41] These results are consistent across various cohorts and age ranges and cannot be attributed to the effects of stimulant medications. 40 In addition, a proton MRS study reported higher levels of glutamate plus glutamine (a measure of glutamatergic transmission) in the anterior cingulate cortex of patients with ADHD, compared with healthy control subjects, thereby implicating glutamatergic dysfunction in ADHD. 42 Moreover, event-related fMRI has shown that ADHD patients recruit deviant brain regions for all attentional networks associated with alerting, reorienting, and executive control, compared with normal control subjects: less right-sided activation was observed in the anterior cingulate gyrus during alerting, as well as more frontostriatal-insular activation during reorienting and less frontostriatal activation for executive control. 41 Overall, the published fMRI data indicate that patients with ADHD may have dysfunctional (not merely underactivated) frontostriatal circuitry and that, to compensate, alternative brain regions are recruited during development when cognitive control and attention are needed. 38, 41 However, these findings have been somewhat inconsistent across studies, 43 which may reflect differences in task demands across studies and clinical heterogeneity. 43
Major Depressive Disorder
MDD is frequently a recurrent disorder that persists into adulthood in many children and can also represent a precursor to or risk factor for the development of psychosis and BD. To date, most recent neuroimaging studies of pediatric patients with MDD have been cross-Sectional and have examined brain structure, particularly in the PFC, hippocampus, and striatum, with sMRI and spectroscopic magnetic resonance imaging. Steingard et al 44 reported whole-brain volume reductions in adolescents with MDD, compared with healthy control subjects. In addition, these adolescents were observed to have white matter volume reductions and grey matter volume increases in the frontal lobe, consistent with a hypothesis that abnormalities in frontal lobe development are central to the pathology of MDD. These observed frontal lobe changes are opposite to what is observed with the maturation of white and grey matter in normal adolescents and thus may reflect dysfunctional myelination or defective synaptic pruning in MDD. 44 There is also an increased prevalence of WMH in pediatric patients with MDD, particularly in those patients with a history of suicide attempts. 45 Of note, WMH have also been observed in many studies of adults with mood disorders. In young patients with MDD, WMH may represent a risk factor for suicide attempts because of abnormal structural maturation of neuroanatomic pathways that regulate mood, for example, connections between the PFC, amygdala, hippocampus, thalamus, and basal ganglia. 45 As has been done in research on PBD, investigators have targeted examination of the PFC, amygdala, and hippocampus for structural and functional abnormalities in MDD because of the putative roles of these brain regions in mood regulation. For example, Botteron et al 46 found a reduction in the left subgenual prefrontal cortex volumes of adolescent and young adult women that may correlate with a decrease in glial cell number and could reflect genetic risk for affective disorder.
Although adults with at least one first-degree relative with MDD have been observed to have smaller left-side PFC volumes than adults with no family history of the disorder, children with familial MDD were not found to demonstrate these abnormalities, suggesting that abnormalities may evolve with disease progression, possibly through a glucocorticoidmediated mechanism. 47 Surprisingly, Nolan et al 47 found that children with nonfamilial MDD had larger left-sided PFC volumes than children with familial MDD and healthy control subjects, which may indicate dysfunctional PFC development in this group. Another study 48 of children and adolescents with recent-onset MDD found bilateral reductions in amygdala volumes, but not hippocampal volumes, when children with MDD were compared with healthy subjects. The involvement of the amygdala may underlie the poor responses to social and emotional situations observed in children with MDD. 48 Because amygdala volume changes have been found early in the disorder, it is possible that these changes could also represent a vulnerability factor for developing future episodes of MDD throughout the lifespan. 49 As with other psychiatric illnesses, identifying such vulnerability factors and biomarkers of MDD may aid in early identification and treatment and thereby facilitate better outcomes.
In an effort to find biomarkers of MDD in the anterior cingulate cortex, Rosenberg et al 49, 50 first reported reduced glutamate levels in pediatric patients with MDD, compared with healthy control subjects. Altered glutamate metabolism could reflect altered neuronal and glial functioning in the anterior cingulate cortex 50 and may help differentiate MDD from other psychiatric disorders. 49
Conclusions
The application of new, noninvasive neuroimaging modalities to healthy children and children and adolescents with psychiatric illness has provided important information regarding normative developmental trajectories. To date, the results of neuroimaging studies reviewed here suggest there are structural, neurochemical, and functional disturbances in the brains of children with psychiatric illnesses. These data support the view that these disorders may have an underlying neurodevelopmental component. However, the mechanisms underlying the deviations in neurodevelopment remain poorly understood because brain-imaging studies of children with serious emotional difficulties is a field in its own infancy. The future application of brain imaging in child psychiatry will undoubtedly greatly affect our understanding of these complex disorders and potentially contribute to the development of new strategies to intervene early.
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Résumé : Les études par neuroimagerie d'enfants souffrant de graves perturbations émotionnelles : une revue sélective
Objectifs : Effectuer une revue critique et intégrer de récentes études d'imagerie par résonance magnétique (IRM) de 4 troubles psychiatriques de l'enfance, d'un point de vue développemental : la schizophrénie, le trouble bipolaire, le trouble d'hyperactivité avec déficit de l'attention (THADA), et le trouble dépressif majeur (TDM).
Méthode : Nous avons examiné les articles publiés dans les revues scientifiques. Nous avons décrit sommairement les principaux résultats concernant la morphométrie, la chimie et le fonctionnement du cerveau des enfants souffrant de troubles psychiatriques, et synthétisé les articles dans un résumé pour informer les cliniciens.
Résultats : Certaines anomalies de la matière grise corticale associées avec la schizophrénie semblent précéder le début d'une franche psychose et continuent de progresser après l'apparition de la psychose, du moins dans les cas plus graves. Le trouble bipolaire pédiatrique est associé avec des anomalies dans un circuit que l'on croit jouer un rôle dans la régulation des humeurs et qui englobe les amygdales, le striatum, et les cellules formatrices d'anticorps ventrales. Les anomalies frontostriatales sont observées régulièrement dans le THADA, reflétant potentiellement les anomalies du développement du contrôle cognitif. Les enfants souffrant de TDM révèlent des modifications corticales préfrontales qui peuvent différer dans les sous-types familiaux et non familiaux du TDM.
Conclusions :
Les résultats des études par neuroimagerie de la psychopathologie de l'enfance révèlent des anomalies dans les trajectoires du développement observées chez les enfants en santé. Bien que l'IRM ait augmenté notre compréhension de la pathophysiologie de ces troubles, la neuroimagerie de routine pour les enfants souffrant de graves perturbations émotionnelles n'est pas indiquée à des fins diagnostiques.
